Objective: To describe the development and psychometric properties of the Spinal Cord Injury-Quality of Life (SCI-QOL) Self-esteem item bank. Design: Using a mixed-methods design, we developed and tested a self-esteem item bank through the use of focus groups with individuals with SCI and clinicians with expertise in SCI, cognitive interviews, and itemresponse theory-(IRT) based analytic approaches, including tests of model fit, differential item functioning (DIF) and precision. Setting: We tested a pool of 30 items at several medical institutions across the United States, including the University of Michigan, Kessler Foundation, the Rehabilitation Institute of Chicago, the University of Washington, Craig Hospital, and the James J. Peters/Bronx Department of Veterans Affairs hospital. Participants: A total of 717 individuals with SCI completed the self-esteem items.
Introduction
The concept of self-esteem is characterized by emotional, evaluative, and cognitive perceptions of the self. Self-esteem is one of the most popular psychological concepts and has been extensively studied, embedding itself in social and popular consciousness. 1 In 1890, William James first introduced the concept of selfesteem in his Principles of Psychology 2 as the result of a splitting of ourselves into a 'knower self' and 'known self.' Rosenberg later commented 3 on the unique ability to be the object of one's own evaluation, reflecting the duality that James considered the basis of self-esteem. Most simply, self-esteem can be thought of as a favorable or unfavorable attitude towards oneself. Low self-esteem has been robustly associated with depression across populations 4 and many other positive and negative psychological states. 5 Threats to selfesteem can be internal and external. Public failure is a common external threat; internal, self-generated threats to self-esteem are characterized by cognitions and introspection. 6 Self-esteem also has been to shown to act as a buffer for emotional reactions to negative life events, mitigating their impact on emotional distress.
and that, conversely, low self-esteem can exacerbate symptoms, stress, and negative mood. 11 There is also evidence that inpatient rehabilitation may improve selfesteem. 12, 13 There is some evidence that self-esteem also plays a role in the well-being of persons with spinal cord injury (SCI). A 2012 systematic review of psychological resources in persons with SCI showed positive associations between self-esteem and well-being, mental health, community participation, mastery, hope and more effective coping. 14 This review also suggested that self-esteem is often compromised by SCI, but with some evidence for restoration. 14 Earlier work also showed a perceived loss of self-esteem after injury and may rebound over time with a low period in the second year post-SCI. 15 A loss of self-esteem soon after a disabling event,
and subsequent rebound, have also been observed in persons with acute stroke. 13 Another recent systematic review suggested that related concepts of self-efficacy and self-worth are also strongly and consistently related to quality of life after SCI. 16 In persons with SCI, high levels of self-esteem and self-efficacy also have been associated with community participation, above and beyond the influence of factors such as anxiety and depression, pain, social support, or coping style. 17 Social comparison also plays a role in self-esteem, particularly among those with high levels of stress and uncertainty. 18 Social comparison theory centers on the belief that individuals compare themselves to others to reduce uncertainty about their opinions and abilities and as a means to define themselves. 19 Early work in SCI and adjustment suggested that persons with SCI compared themselves most often to people in general, far less to others with SCI, and even less so to healthy individuals. 20 In contrast, a more recent study of social comparison in SCI suggested that individuals compared themselves to healthy individuals as often as others with SCI; those who did so were more likely to also have high levels of stress and uncertainty. 21 Self-esteem and social comparison, in particular, have also been linked to coping strategies in various populations with chronic illness. 22 In particular, upward contrast (negative feelings towards those who are better off) and downward identification (fear of becoming like others who are worse off) have been significantly associated with greater depression in persons with SCI. 21 Coping strategies were also significantly associated with dimensions of selfesteem, such as wishful thinking associated with upward identification (hope to be like others who are better off) or blaming others with downward identification. Measuring self-esteem is generally accomplished in one of two ways. 23 The first is indirectly by: (1) measuring traits theorized to comprise self-esteem and then aggregating item-level or trait-level data; (2) using factor analytic techniques; or (3) modeling the higherorder self-esteem construct with item-and trait-level data. The second is to measure the construct directly. One of the most commonly used measures is the Rosenberg Self-esteem Scale 24 and a number of other ad hoc scales have been created from various data and items from other scales, though these are inconsistently validated. Typically, measures of self-esteem traits or direct measures of the construct are general and not situation-specific. Such measures reflect the construct of self-esteem as a global evaluation of oneself. 23 Despite the popularity of self-esteem as a psychological concept and its relevance for understanding adaption and adjustment processes after SCI, there are currently no SCI-specific measures to assess the construct of self-esteem. Established measures of selfesteem are designed for those who have not necessarily experienced a life-altering event. To address important questions about adaptation and coping after SCI, selfesteem measures require greater specificity. Thus, the purpose of this paper is to present findings from the development and psychometric calibration of the SCI-QOL Self-esteem item banks and short forms. An overview of the entire SCI-QOL measurement system is provided in the introductory article to this issue. 25 
Methods
This study was approved by all participating sites' Institutional Review Boards. The first study activity was to develop and refine a self-esteem item pool. Next, selfesteem items were administered to a large sample of people with SCI using a computerized data collection platform and interview format, so that each question was read to the respondent by a trained interviewer and responses were directly entered into the database. Each of these steps is described in detail in Tulsky et al. (this issue) 26 and is also outlined briefly in the section below.
Development of a self-esteem item pool
To develop the self-esteem item bank, we began by identifying candidate items from our initial pilot work, which included individual, semi-structured interviews and focus groups with individuals with SCI and SCI clinicians (see Tulsky et al. 27 for a full description).
From these data, we developed a set of 17 preliminary items related to self-esteem. Specific phrases or concepts were drawn from the interviews and focus group transcripts and converted into 17 additional 'new' items. For example, a focus group participant with tetraplegia stated, 'I got hurt up here…You know they call this the quad pod. Right here. Just -and I know I'm not heavy With the exception of the 5 items originally from Neuro-QOL which already underwent cognitive debriefing, this refined set of SCI-QOL Self-esteem items was then evaluated with individuals with SCI during structured cognitive debriefing interviews, 29 in which respondents were asked to answer each item, then describe the process they used to come up with their answer and relate whether they perceived anything to be confusing, unclear, or derogatory, or whether they thought any items could be better phrased. One item was modified and no items were deleted based on cognitive interviewing. After this phase, the set of 30 items was reviewed for translatability (for method, please see Eremenco et al.
30
) and reading level (using the Lexile framework 31 ). Slight modifications were made to 6 items after the translatability and cultural review. For example, the item 'I was self-conscious about performing new tasks' was changed to 'Because of my injury, I worried about performing tasks in front of other people,' since translation to the word 'self-conscious' would not be possible in this context. All items were written at the 5th grade reading level.
Calibration study participants and data collection procedures
As a part of a large-scale multisite item calibration study (sites included the Kessler Foundation, University of Michigan, Rehabilitation Institute of Chicago, University of Washington, Craig Hospital and the James J. Peters/Bronx Veterans Administration hospital), we administered the 23 self-esteem items along with other item pools reflecting different HRQOL subdomains to a sample of people with SCI.
The calibration sample included 717 participants with SCI. Inclusion criteria were 18 years of age and older, ability to read and understand English, and had a medically documented traumatic SCI. The sample was stratified by level (paraplegia versus tetraplegia), completeness of injury (complete vs. incomplete), and time since injury (<1 year, 1-3 years, and >3 years) to ensure that the final sample was a heterogeneous sample of individuals with SCI. Each participant's diagnosis was confirmed by medical record review; neurologic level was documented by their most recent American Spinal Injury Association Impairment Scale (AIS) rating. 32 All items were presented in a structured interview to participants in person or over the phone. The methodology for this study is presented in detail in Tulsky et al.
26

Data analyses
Analysis involved confirmation of construct unidimensionality, use of a graded-response IRT model to calibrate item parameters, and examination of differential item functioning (DIF). We used confirmatory factor analyses (CFA) to determine if our items conformed to a unidimensional model. Acceptable model fit indices were: CFI > 0.90, RMSEA < 0.08, good; CFI > 0.95, RMSEA < 0.06, excellent). Calibration was performed using iterative methods to reduce the item pool and obtain the best-fitting item parameters that would best allow estimation of a participant's standing on a trait of self-esteem. With each successive analytic iteration, we identified poorly fitting items by examining item fit to the graded response IRT model, 33 DIF, local dependence between items (residual correlations >|0.15|), and significant loadings on the single factor (values >0.30). We then removed these items from the item pool and repeated the analytic steps. Once an acceptable solution was reached with CFA statistics that supported a unidimensional model, and all items showing misfit to the model or DIF were removed, the final IRT parameters were utilized to develop computer adaptive test (CAT) algorithms for the Self-esteem item bank. The CAT was programmed on the Assessment Center website (http://www.assess mentcenter.net) and can be administered directly from there. The item parameters were also used to select items for a static short form which can also be downloaded as a PDF from the Assessment Center website. Tulsky et al. within this special issue described the detailed methodology and data analysis plan. 26 
Results
Participant characteristics
Self-esteem items and other item pools were administered to a calibration sample of 717 individuals with SCI. Demographic and injury characteristics are summarized in Table 1 . Please see the Tulsky et al. introductory article within this special issue for additional details on the calibration sample, including education, income and mechanism of injury. 25 
Preliminary analysis and item removal
Of the original 30 items that were tested, 7 were removed for the following reasons (reasons for removal were not mutually exclusive): local item dependence (5 items), low item-total correlations (5 items), and misfit (significant S-X 2 test; 2 items). For the final 23 retained items, internal consistency was α = 0.950 and item/total correlations ranged from 0.50 to 0.81. All of the items but one had more than 25% of the sample selecting category of '5' (Always, or Never for reversed item). Data from one case was deleted due to excessive missing data. No items had sparse data (i.e. <5 responses) in any category. Two items had a category inversion with the average raw score for persons selecting category '2' (Often) were lower than the average for person selecting category '1' (Always). No further items were removed.
Dimensionality
Using CFA, a unidimensional model was observed (CFI = 0.946; RMSEA = 0.087). R 2 values for 20 of the items were greater than 0.40 and 3 items were less than 0.40. In terms of local dependence, no item pairs were identified (i.e. residual correlations >|0.20|).
Eigenvalue ratio (first to second) was 10.5.
IRT parameter estimation and model fit
Slopes ranged from 1.28 to 3.74; thresholds ranged from −3.93 to 1.38 (see Table 2 ). The measurement precision in the theta range between −2.7 and 0.7 is roughly equivalent to a classical reliability of 0.95 or better (Fig. 1) .
The S-X 2 model fit statistics were examined using the IRTFIT macro program. All items had adequate or better model fit statistics (P < 0.05), with marginal reliability equal to 0.946 and no item pairs were flagged (|r|> = 0.4) for local dependence (Fig. 2) .
Differential item functioning
DIF was examined using lordif 34 for six categories: age (≤49 vs. ≥50), sex (male n = 559 vs. female n = 158), education (some college and lower n = 523 vs. college degree and above n = 194), diagnosis (tetraplegia n = 388 vs. paraplegia n = 325), injury severity (incomplete n = 374 vs. complete n = 339), and time post injury (<1 year n = 196 vs. >1 year n = 521). Items were flagged for possible DIF when the probability associated with the χ 2 test was <0.01 and the effect size measures (McFadden's pseudo R 2 ) >0.02, which is a small but non-negligible effect. Overall, 11 items were flagged for DIF in at least one category based on the χ 2 test; however, when the effect size measures were examined, the DIF was negligible and all 23 items were retained in the final, calibrated item bank.
Short form selection and mode of administration
Once the SCI-QOL Self-esteem item bank was finalized, all items and parameters were programmed into the Assessment Center SM 35 platform and the bank is now freely available as a CAT. Since the purpose of calibrating items using IRT is that only a subset of items needs to be administered from a given bank in order to estimate an individual's score, there is flexibility as to how the items are selected and administered. On the Assessment Center platform, the CAT administration parameters can be modified to reduce standard error variance (e.g. maximize reliability), or to reduce test burden. There is also a predetermined static short form that can be downloaded. Finally, the individual items are present and could be selected if the end user wanted to administer a specific item. These administration options are reviewed below. The SCI-QOL utilizes the same default CAT discontinue criteria as PROMIS; namely, the CAT minimum number of items to administer is four and the maximum is 12 with a maximum standard error of 0.3. In other words, in the default settings, the CAT will always administer at least 4 items, then will discontinue when the standard error of the individual's score estimate drops below 0.3 or a maximum of 12 items is reached (and the standard error variance criterion cannot be met).
Alternatively, the user could change the 'discontinue criteria' of the CAT so that it will administer additional items and obtain a more precise assessment of functioning. For instance, if the user selected an option that the CAT administers a minimum of 8 items before discontinuing, a lengthier test would be administered, but a more reliable score will be obtained. In some cases, greater precision over test burden is desirable based on factors such as resource allocation where specificity is critical.
However, in some cases it is neither possible (e.g. internet unavailable) or practical (e.g. laptop/tablet computer equipment beyond budget of project) to administer items via CAT. To address this need, the self-esteem and other SCI-QOL item banks are also available as short forms. The project investigators utilized psychometric and clinical input to develop a fixed, 8-item short form version of the self-esteem item bank. The goal of the short form selection process was to include the most informative items across a wide range of 'difficulty', or amount of the underlying trait. Since all items are calibrated on the same metric, scores on the short form are directly comparable to those on the CAT or full item bank. The correlation of the short form and various CATs with the full bank are given in Table 3 . Short forms may be administered directly within Assessment Center, or may be downloaded for administration by paper and pencil or an alternate data capture platform or system. Individual investigators or clinicians could also develop additional, custom short forms, which could then be scored on the same IRT-based metric with the help of a psychometrician.
To determine the degree of measurement precision and error for these assessments, we compared the reliability of the full bank, 8-item short form, and variable-length CAT with the default minimum of 4 items. Table 4 presents the mean, standard deviation, range, and standard error ranges for the various administration modes. Additionally, reliability curves for the full bank, short form, variable length CAT (minimum of 4 items) and fixed-length CAT (8 items) may be found in Fig. 2 . When we instead compared the reliability of a CAT that was either fixed to 8 items, or a variable-length CAT with a minimum of 8 items, CAT values for both reliability (Fig. 2, reliability curves figure) and precision ( Scoring SCI-QOL Self-esteem scores are standardized on a T-metric, with a mean of 50 and a standard deviation of 10; this is based on the SCI-QOL calibration data; that is, a mean of 50 reflects the mean of an SCI population rather than the general population. All CAT administrations of the SCI-QOL Self-esteem item bank is automatically scored by Assessment Center. When administering the short form, whether via Assessment Center, paper and pencil, or another data capture platform, an individual must complete all 8 component items in order to receive a score. The raw score for the short form is computed by simply summing the response scores for the individual component items. The T-score and associated standard error for each raw score value is given in Table 5 .
Reliability
As a part of the reliability study described in the Tulsky et al. 26 methods paper in this issue, we compared Self-esteem scores at Baseline with those from the 1-2 week retest assessment. In a sample of 245 individuals with SCI, Pearson's r = 0.84 and ICC (2,1) = 0.84 (95% CI = 0.80 to 0.88). 
Discussion
The SCI-QOL Self-esteem item bank is unique among cutting-edge measurement systems such as Neuro-QOL or the Patient Reported Outcomes Measurement Information System (PROMIS) for two primary reasons. First, the construct of self-esteem is not included in PROMIS, Neuro-QOL, or any other IRTbased assessments of health outcomes. Second, and perhaps most importantly, the SCI-QOL Self-esteem item bank was developed from the ground up with input from individuals with SCI, to the extent that many items were based directly off of verbatim interview or focus group quotes. The groundedness of the included items was continually assessed throughout measurement development, through the use of cognitive debriefing interviews and large scale calibration testing, both with individuals with SCI and with clinicians who specialize in SCI. As a result, this new item bank captures self-esteem as it specifically relates to SCI. Rosenberg et al. differentiate global self-esteem from specific self-esteem, with the latter a better predictor of behavior and the former of psychological well-being. 36 The final SCI-QOL Self-esteem item bank represents global self-esteem by tapping into the psychological and, more specifically, affective, dimensions of self-esteem. Items, primarily drawn from verbatim comments during focus groups, are characterized by words such as 'unhappy', 'ashamed', or 'embarrassed'. Future work should include differentiating the item bank from psychological measures of depression or anxiety, for example, and validation as a measure of global self-esteem. In the long-term, the SCI-QOL Self-esteem item bank can promote the development of conceptual models of self-esteem in SCI. The use of IRT to calibrate the SCI-QOL Self-esteem items has yielded several administration options, including short forms and CAT. If a user's goal is to optimize reliability, especially at the ceiling and floor of the distribution, we would recommend administering the Selfesteem item bank as a CAT with a minimum of 8 items. It is worth noting also that the CAT with the default parameters (minimum 4 items) performs nearly as well as the 8-item SF while reducing respondent burden. In a situation where brevity of assessment is preferred over a modest increase in reliability, it would make the most sense to administer a CAT with the default parameters. In cases where it may not be feasible or practical to administer items via CAT/Assessment Center, or if having participants answer the same subset of 8 items is necessary to answer a given research question, we would recommend short form administration. An additional administration option is to administer both the CAT and any short form items not included in the CAT by using the 'no duplicates' option in Assessment Center. In this way, the user could optimize reliability and have the option of directly comparing individuals' responses on specific items to each other or to themselves over time. Future directions include evaluation of self-esteem as a moderator of a variety of outcomes following SCI, most notably emotional outcomes such as depression and anxiety.
The flexibility of methods to administer the SCI-QOL Self-esteem item bank also provides scientists and clinicians with an efficient and accessible way to integrate the measurement of self-esteem that is specifically relevant to SCI into research and, ultimately, clinical practice. Previous literature on self-esteem and SCI points to the important relationship of this concept to psychological well-being. Toward this end, research is needed to examine the validity of this new measure in the context of SCI. For example, studies are needed to determine how self-esteem changes over time and its role in adaptation and adjustment to injury. It will also be important to determine whether self-esteem predicts other important outcomes such as quality of life, functional impairment, and self-care and the degree to which self-esteem is amenable to change.
Conclusion
The final SCI-QOL Self-esteem item bank contains 23 IRT-calibrated items. Due to the flexibility of IRTbased measures, the use of CATs is also possible with this item bank, which enables researchers and clinicians to administer only the most precise and informative items based on an individual's responses. This has implications for the use of such innovative applications in symptom monitoring and self-management in postacute care settings. To the best of our knowledge, this is the first time that a patient-centered, modern measurement theory derived approach has been used to develop and test a self-esteem, self-reported measurement tool specifically designed for individuals with SCI. Our formative development work using focus groups and interviews strengthened our understanding of self-esteem in the context of SCI and its utility and importance with this population. This, coupled with the paucity of such a measurement tool in the extant rehabilitation medicine literature, makes this effort an important first step towards a greater understanding of the role of self-esteem and related factors in the short and long term adaptation to SCI and its subsequent psychosocial sequelae. Ethics approval The Institutional Review Board at each site reviewed and approved this project.
